Experienced anaesthetists can be confronted with difficult or failed tracheal intubations. We performed a systematic review and meta-analysis to ascertain if the literature indicated if videolaryngoscopy conferred an advantage when used by experienced anaesthetists managing patients with a known difficult airway. We searched PubMed, MED-LINE, Embase and the Cochrane central register of controlled trials up to 1 January 2017. Outcome parameters extracted from studies were: first-attempt success of tracheal intubation; time to successful intubation; number of intubation attempts; Cormack and Lehane grade; use of airway adjuncts (e.g. stylet, gum elastic bougie); and complications (e.g. mucosal and dental trauma). Nine studies, including 1329 patients, fulfilled the inclusion criteria. Firstattempt success was greater for all videolaryngoscopes (OR 0.34 (95%CI 0.18-0.66); p = 0.001). Use of videolaryngoscopy was associated with a significantly better view of the glottis (Cormack and Lehane grades 1 and 2 vs. 3-4, OR 0.04 (95%CI 0.01-0.15); p < 0.00001). Mucosal trauma occurred less with the use of videolaryngoscopy (OR 0.16 (95%CI 0.04-0.75); p = 0.02). Videolaryngoscopy has added value for the experienced anaesthetist, improving firsttime success, the view of the glottis and reducing mucosal trauma.
Introduction
In airway management, direct laryngoscopy (DL) is probably the technique used for the majority of tracheal intubations. However, difficult, delayed and failed intubation as well as 'can't intubate can't ventilate' (CICVor can't intubate can't oxygenate (CICO)) still accounts for 39% of all events during anaesthesia [1] .
Videolaryngoscopes (VLS) provide anaesthetists a new tool to manage the (difficult) airway [2, 3] .
Nonetheless, the use of a VLS is no guarantee for success. The success of an intubation depends on multiple factors, such as design (acute angled/Macintosh blade; channelled/non-channelled); quality of the image on the monitor; illumination of the oropharynx/larynx; patient anatomy; previous history of difficulty in intubation; elective/emergency intubation; intubator skills and experience; and the background setting (in theatre, intensive care unit or pre-hospital) [4] .
Experience of the healthcare provider is a factor that should not be underestimated. Like DL, videolaryngoscopy competencies grow with a learning curve [5] . Videolaryngoscopy comes with a fast learning curve [6] , but it has to be taught and one should not use a VLS for the first time when being confronted with a patient who was difficult to intubate. A handicap, especially for experienced anaesthetists, being relatively inexperienced with videolaryngoscopy, can be the acutely angled or curved blade of some VLS (e.g. GlideScope and McGrath). The experienced anaesthetist, familiar with DL, will subconsciously try to bring the oral, pharyngeal and tracheal axes into one line [7] . Doing so could hamper the intubation when using a VLS with an acutely angled blade.
Several studies have been conducted comparing the quality of videolaryngoscopy with DL. There are many clear advantages of videolaryngoscopy [8, 9] . However, in our own clinical experience, improved laryngeal views do not always result in an easy intubation or a higher first and overall intubation success rate [10] . Two pertinent questions are: is VLS superior to DL for patients with a known difficult airway when used by anaesthetists experienced with DL? And if so, should DL be abandoned altogether for the intubation of patients with known difficult airways and should VLS become the new standard?
Our aim was to conduct a systematic review and meta-analysis to assess if the literature supports the use of videolaryngoscopy by experienced anaesthetists when intubating patients with known difficult airways.
Methods
We consulted the preferred reporting items for systematic reviews and meta-analysis (PRISMA) guidelines for meta-analyses [11] .
We searched PUBMED, EMBASE and the Cochrane central register of controlled trials up to 1 January 2017. We also considered published review articles and editorials as additional sources of information. Reference lists of selected articles were reviewed for other potentially relevant citations. The search syntax can be found in Supporting Information Appendix S1. In the protocol, we included trials comparing (classic) DL with acutely angled VLS.
In the selection process, the titles and abstracts of all citations were screened by the authors (BP and EM) to identify potentially relevant studies. In a second step, the full texts of the respective publications were reviewed to assess whether the studies met the following inclusion criteria: randomised, controlled trials, observational studies and cohort studies; concerning patients > 18 years of age; with suspected difficult airway; scheduled for elective surgery; requiring tracheal intubation by anaesthetists who had > 2 years experience with DL; and comparing videolaryngoscopy with DL for the same patient (cross-over design). Studies were excluded when they were not published in English. Studies reporting only intubation by videolaryngoscopy or DL were also excluded.
Relevant information from the articles, including baseline clinical characteristics of the study population and outcome measures, were extracted to a database. Outcome parameters extracted from the studies were success of intubation; time to successful intubation; number of intubation attempts; Cormack and Lehane (CL) grade; use of adjuncts (e.g. stylet and gum-elastic bougie); and complications (e.g. mucosal and dental trauma).
Data of the included studies were combined to calculate the pooled effect (odds ratio, OR) of videolaryngoscopy vs. DL [12] . In case no event occurred in one of the two groups, no statistical adjustment was made to calculate a relative risk with its confidence interval (CI).
For our meta-analysis, we used the random effects model that primarily estimates the mean of a distribution of effects. By this approach, the weights of the individual studies are more balanced than in a fixedeffect model. It follows that smaller studies are assigned more relative weight, whereas larger studies weigh relatively less [12] . The difference in means was used to measure the absolute difference in means between the two groups for different outcome variables.
Heterogeneity For assessing the risk of bias, we used a domainbased evaluation, in which assessments are made separately for different domains (e.g. selection bias, performance bias), recommended by the Cochrane Collaboration [12] . Owing to the small number of studies included in this analysis, we did not test for publication bias or small study effects.
Results
Our database searching revealed 173 articles and 8 articles were identified through other resources. We removed 130 duplicates and screened the titles and abstracts of 51 records for eligibility. Of these, 25 articles were excluded due to a lack of relevance. A total of 26 full-text articles were screened for eligibility, of which 17 were excluded. A total of 9 studies, including 1329 patients, fulfilled the predefined inclusion criteria ( Fig. 1 ) [14] [15] [16] [17] [18] [19] [20] [21] [22] . The VLS used were GlideScope (three studies) [18, 20, 21] , C-MAC (two studies) [14, 19] , Pentax AWS [15] , McGrath [16] , Airtraq [17] , C-MAC D-Blade [20] and the Berci-Kaplan VLS [22] (all one study). One study compared the GlideScope and C-MAC D-Blade VLS with DL [20] .
Baseline characteristics of patients are presented in Table 1 .
The choice of VLS or direct laryngoscope affected the first-attempt success of intubations. First-attempt success was greater for all VLS, 446 out of 468 attempts (95%) compared with 398 out of 461 (86%) for DL (OR 0.34 (95%CI 0.18-0.66); p = 0.001). The study by Serocki et al. [20] is mentioned twice in Fig. 2 , since patients' tracheas were intubated using both the classic laryngoscope and one of two VLS. Analysing only the studies evaluating the GlideScope VLS showed a first-attempt success of intubation of 68 out of 72 attempts (94%) for the GlideScope, compared with 57 out of 72 attempts (79%) for DL (OR 0.24 (95%CI 0.03-1.70); p = 0.15). Suzuki et al. [15] and Stroumpoulis et al. [18] only used a VLS, hence these studies are not incorporated in Fig. 2 .
The mean (95%CI) time until successful intubation was 28 (17-40) s for VLS, compared with 37 (20-55) s for DL. The study by Serocki et al. [20] is mentioned twice in Fig. 3 because two VLS were analysed. Analyses were repeated including only the studies incorporating the GlideScope [18, 20, 21] , showing a mean (95%CI) time to successful intubation of 30 (12-70) s compared with 42 (27-112) s for DL. Because of the extremely high level of statistical heterogeneity (I 2 = 97%), however, no effects estimate was presented for this outcome. The high level of heterogeneity could possibly be explained by the various time-points at which individual studies measured time for intubation. For evaluation of the CL grade, grades were divided into two groups: CL grade 1 and 2 vs. grade 3 and 4 (Fig. 4) . Use of VLS resulted in more CL grade 1 and 2 (897 out of 931 laryngoscopies, 96.3%) than when using DL (597 out of 929, 64.3%). When evaluating CL grades 3 and 4, we found the difference between VLS and DL to be even greater. With DL, 332 out of 929 (35.7%) resulted in a CL grade ≥ 3, while with videolaryngoscopy this was the case in 34 out of 931 (3.7%). Cormack and Lehane grade was scored in different ways by different investigators. Some used the best view as scored by one senior consultant [18] , or the best view scored by the provider [19, 22] , others allowed external laryngeal manipulation to improve the view [20] . Also, different CL grading systems were used (e.g. modified by Cook [15] or Yentis and Lee [19] ). This resulted in a very high level of statistical heterogeneity (I 2 = 88%), and so no effects estimate was presented for this outcome.
Only four studies scored the use of adjuncts to aid intubation [14, 17, 19, 22] . Adjuncts scored as being used were a bougie or stylet [17] , gum-elastic bougie [19, 22] , semi-flexible tube-guide [14] , external laryngeal manipulation [19, 22] and change in head position [22] . Adjuncts were not more frequently used with one of two techniques (DL 71 out of 294 intubations, 24.1%) vs. VLS 52 out of 358 intubations (14.5%; Fig. 5 ). Because of the high level of statistical heterogeneity (I 2 = 68%), no effects estimate was presented for this outcome.
Number of intubation attempts (> 1) was described in five studies [14, 16, 17, 20, 21] . Because Serocki et al. [20] described two different types of VLS, this study is mentioned twice in Fig. 6 . Users needed more than one attempt when using DL in 10.3% of cases (35 out of 340); with the VLS in 9.0% of cases (31 out of 345). Attempts were defined and scored differently, resulting in a high level of statistical heterogeneity (I 2 = 73%). Therefore, no effects estimate was presented for this outcome. Three studies reported dental trauma (Fig. 7 ) [17, 18, 20] . More trauma was reported with DL (5 out of 299 patients) compared with VLS (1 out of 301 patients). The definition of dental complications and the manner in which they were recorded differed greatly, resulting in a high level of statistical heterogeneity (I 2 = 63%), and so no effects estimate was presented for this outcome. Concerning mucosal trauma (Fig. 8) , the difference between VLS and DL did reach statistical significance. Mucosal trauma occurred in 5 out of 249 patients with VLS, while 31 out of 247 patients in the DL group experienced such trauma (OR 0.16 (95%CI 0.04-0.75); p = 0.02).
Discussion
Our main conclusion following the analysis of nine studies is that videolaryngoscopy was associated with greater success at first intubation attempt, even for anaesthetists experienced with DL. A first-attempt success difference of 9% may not, however, seem much. The risk of complications increases when more intubation attempts are made [23] . Repeating the attempt at tracheal intubation increases the risk of progression to a CICV/CICO situation [1] and the American Society of Anesthesiologists' Closed Claims Project (ASACCP) analysis Figure 1 Flow diagram of study section process (according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines). (10) 172 (8) 23 (5) Jungbauer et al. [22] suggested an increase in death and brain damage in such cases [24] . When DL is unsuccessful, further attempts with the same technique have nearly an 80% failure rate, while alternative techniques (e.g. videolaryngoscopy) are more successful [23] . The Difficult Airway Society guidelines are very clear about the importance of first-time success. It is essential to maximise the first-attempt success rate [1, [25] [26] [27] . Reserving the use of a VLS for the second attempt wastes the first attempt and subsequently makes the second one more difficult. Device performance differs between users and devices and this should be appreciated [28] . As Marshall and Pandit have argued, hospitals will probably need to provide a range of VLS to give their anaesthetists the option to choose the most suitable device. The available range will be restricted for reasons of cost, but anaesthetic departments may be judged harshly if a critical airway incident arises and is analysed using these new guidelines [29] .
In contrast to our results, Lewis et al. [30] found a reduction in the number of failed intubations in their recent Cochrane review, but not in the number of intubation attempts. Their review differs in that it was not limited to patients with a suspected difficult airway, and also included normal patients with a simulated difficult airway. Griesdale et al. [31] found a greater success of first intubation attempt, although this was confined to non-expert operators only.
The use of VLS was not associated with a shorter time to successful intubation. This is in accordance Figure 6 Forest plot: number of intubation attempts (> 1). VLS, videolaryngoscope; DL, direct laryngoscopy. with Griesdale et al.; they only found a faster time to intubation when the GlideScope was used by nonexpert users [31] . A shorter time to successful intubation can be of major importance when the initial time is long and thus associated with complications (e.g. hypoxia). If, however, the initial time is already short, an even shorter time can be of little clinical significance and should not come at the cost of (other) complications, for example, dental or mucosal trauma.
In our meta-analysis, videolaryngoscopy resulted in an improved view of the glottis. The number of laryngoscopies resulting in a CL grade 3 or 4 was less when using videolaryngoscopy in general and VLS with acutely angled blades in particular (e.g. Pentax AWS, Airtraq, GlideScope and C-MAC D-Blade) [15, 17, 20] . As mentioned before, VLS with an acutely angled blade require another technique for intubation; the shape of the blade follows the natural anatomy of the oral cavity and the camera at the tip of the blade brings the point of view of the operator very close to the glottis. Different factors mean that a perfect view does not always result in a smooth intubation [16] . Only three studies included in this meta-analysis evaluated Macintosh-shaped VLS [14, 19, 22] . Based on only these three studies, it is difficult to conclude anything comparing VLS with Macintosh-shaped blades to VLS with acutely angled blades. It seems that the best view of the glottis is not automatically associated with the highest rate of first intubation success [15, 20] .
With videolaryngoscopy, despite a perfect view of the glottis, it still can be difficult to place the tracheal tube (TT). Operator hand-eye coordination skills play an important role [28] . Studies evaluating training in laparoscopic skills for surgeons showed that repeated practice is of utmost importance [32] . There is no reason to suspect this to be different for anaesthetists. The design of the TT also influences tracheal intubation. The TT is designed to follow a direct route towards the glottis with DL. With acutely angled VLS, the TT has to follow a more indirect route to the glottis. This problem can easily be overcome by the use of a stylet, as advocated by many manufacturers. The standard use of a stylet may seem of minor importance, however, the user should always be aware that a rigid, styletted TT may put the patient at risk of mucosal trauma, especially when the VLS is a bulky device and there is little room to manoeuvre next to it [33, 34] .
A major strength of the current meta-analysis is that it shows that videolaryngoscopy has an added value for the experienced anaesthetist. In our own experience, anaesthetists familiar with DL sometimes seem to be somewhat reluctant to use VLS. Old habits do not change easily [35] . Indeed, experience with DL does not equate to skill with videolaryngoscopy and being skilled in the use of one VLS does not automatically make one skilled with all VLS [3] . Earlier, Cooper et al. pointed out that it was more difficult to teach videolaryngoscopy to experienced Macintosh users than to novices [36] . Cortellazzi et al. showed in their study that videolaryngoscopy is a complex skill that requires extensive practice to achieve expertise, even in those trained in DL [5] . This implies that, because videolaryngoscopy has added value for experienced anaesthetists, they too should practice extensively and should not rely on their expertise with DL. This is substantiated by the results of Caldiroli et al., showing that proficiency in DL cannot be equated with proficiency with videolaryngoscopy, and that different methods of training and assessment may be required [37] . Recently, the Cochrane review by Lewis et al. compared DL with videolaryngoscopy for tracheal intubation [30] . Although there are similarities between their review and ours, there are some important differences, notably: (1) we reviewed studies concerning patients with a suspected difficult airway, the Cochrane review included studies using videolaryngoscopy for tracheal intubation in general; (2) in our review, we only included cross-over studies analysing the intubation of adults using a VLS and a classic direct laryngoscope; (3) all studies regarding a simulated difficult airway were excluded, in contrast to the Cochrane review; and finally, (4) we specifically examined anaesthetists experienced with DL.
This systematic review and meta-analysis has limitations. First, in the original studies, anaesthetists were not blinded to the device, which could have led to altered performance as a result of the Hawthorne effect (individuals know they are being observed and therefore change their behaviour) [38] . Second, analysis of time until successful intubation was complicated by different factors: (1) not all patients included had tracheas actually intubated using the whole range of VLS included in the study, but with only some [15, 18] ; (2) different studies used different definitions to start and end recording of time (e.g. start at induction [18] vs. touching of the TT [14, 20] ) resulting in an extremely high level of heterogeneity. Pandit and Heidegger [39] have observed that the 'difficult airway' is really a constellation of many rare syndromes, so the difficulty in the original papers was by definition heterogenous. As stated by Kleine-Brueggeney et al. [40] the performance of the VLS depends on the exact circumstances of the difficult airway and the optimal VLS might differ for various types of difficult airway situations. Third, two studies [14, 15] did not limit inclusion to patients with suspected difficult airways and so may not completely meet our inclusion criteria. However, considering that they are cross-over studies directly comparing DL to videolaryngoscopy and did include patients with suspected difficult airways, comparison between DL and videolaryngoscopy for patients with a suspected difficult airway is still possible. Also, in seven of the nine studies included in the current review, DL was performed using a classic direct laryngoscope with a Macintosh blade. Two studies, however, either used the Henderson straight blade [16] , or the type of DL blade was not specified [21] . Finally, publication bias may have been present, meaning that small studies favouring DL were not published. Risk of bias is presented in Supporting Information Appendix S2.
This review underlines the added value of videolaryngoscopy for those experienced in DL, such that it should become the standard of care for the management of the difficult airway and maybe even the initial approach to every intubation. A curriculum defining basic knowledge and skills needs to be applied to both inexperienced and experienced DL users. Further research should focus on comparing the whole range of available VLS, so that in the future recommendations can be made about which device should be used for which patient, taking into account the patient's condition and the background and experience of the VLS user.
